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PREFACE 
Pi 


In the more recent years the problems in the design of 
aireraft lending gear have demanded are attention. One of these 
probless hae been the optiaum angle for suspending a Lanting gout 
strut in such « senser as to gain the sost benefit from the spring 
system incorporated in the lnnding gear strut. The study of this 
optimm angle appeare to warrant farther analytical and experi- 
mental work, and, therefore, ws chosen os on appropriate subject 
for thie thesis. 

fhe writer wishes to exoress his appreciation to hia 
aiviser, Professor J. A. Vise, whose suggestions, assistance 
end eriticiesss have been moet valuable. Thanke are also due to 
Lieutenant Commander 3. ¥. Turner for hie able assistance in 
experinental work, and to others who assisted in the preparation 
of this thesis. | 
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This report yrevents the resaite of a oreLininery 
investigation of tae dymeate forces in « Buvy type GAT air~ 
craft landing goer strat with relation te the optiman angle 
of saepensicn. Teste were Lieited te low siawlated isnding — 
welocities due to inef Clesency ef the driving power plant. 
The tests were Linited in ausber due to, the anlfusctioning 
of oe amit. 

The licited suaber of testo conducted intents tae 
egtizes angle of suspension te be ‘ approaisetely tom degrees. 
fest date abew that the ciee operation is i@proved - 
Yeaueing tee friction im cleo esused by the apie ap ed 
sme back drag fore@s. 

Tt is regonsended that test work be eonductad te “ 
establish the calculable values for tae cooffielent af 
friction esd load deflection charscterietices of aireraft 


tires during bending impact. 
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The trend in modern aviation is towards greater weight 
and faster landing velocities. As these two factors increase 
the problem of designing a suitable landing cenrs pet one which 
is as light a possible becomes more difficult. One avenue of 
appronch is to suspend the lending gear strut at am angle such 
that the drag force qaused by the initial impact does not have 
an adverse effect upon the spring properties of the strat and 
the stresees produced by these drag foress are aot ereater than 
those stresses which are induced when the landing strat enape 
back after the spin-ap of the wheel. 

Sinee very littie is known about the optime angle 
for suspending a landing gear strut, an investigention of this 
subject was carried on in the Landing Gear Pit at the University 
of Ainnerota's Rosemount Research Conter. 

In this investigation the drac forces, axial strat forces, 
tire deflections, and the relative motion between wheel and the 
suspension point of the strut were moneured. The strut and 
wheel of « Havy SIV type aircraft were used in this test work. 

This investiention is limited in scope dne te the 
following factors: (1) time avmilable for testing efter 
completion of test equipment; (2) low simlated lending 


velocities due to autput of power pliant; (3%) insaffictent data 
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on coefficient of friction of rubber under rolling impact — 
lends; (4) ineufficient deta on sliging friction in oleo of 
strats (5) inebility to sencure sinking velocity atcurately. 


| abn abo en cae soba wiht iva « sali ete ot 
| OM anaes 09 ESM ETI ee: mao sSEtaCOE 6 NEL iy | 4 
Manne he ys tn. Mert sen pe dimnt wad bancovm oe ot dovmngin oF | 
FE iI ies oe shale soit vu a Sasi aa 
Pee tands ag ty watoraceng ynition ont cog auth semewhet ee 
at Not ang b0e ane sHETOE Hath same Ui LynAtE eeEDENON OFt 
A te rans anne hie 
- aSeaite ott to Geman 4a tole Bot 

Alps idhgh sit tim eek AGtKE wee sit 
WAG We wating deemed con bwrebe sang gacdonl a pathname Te 
(pene ad 0 a that stn lin 
inten? dovestel Sammes gnde sera Fo 

Sins dioads Malls |Jeesssies ined kn, since shat ot 
Tidak hak techs Genibi itn Weichs lbi ound vow She eas 
key Cate ost serie net view Sonia aut Te Anew motemecghon 
7 sea tune wdihe all tenet hla Therein wih WM chad te fits 

aid Of sub semen at Nebtets 22" po doaphtnewnt cig? 
% wet ta sHend 40h witabiiaew weet? [£) cmmtont aadtvedilis 2 
< palimed teielaute wad (0) penwes lupe feed io eeliedenes — 
seh doohotTiden? (x) staude yarn be Imytno v2 awh cabs toolre 


a 


APPARAS AND INSTRUMENTS 


A mjor part of the time devoted to this thesis was 
spent in the ¢constraction of suitable equinment for drop testing 
landing gemr strute ander eimlsted landing conditions. A ten 
foot diameter flywheel from a Corliss steam engine wan mounted 
on pedestals in a pit leeated in Building 717A at Koremount 
Research Center. The flywheel wae driven by the use of an 
automobile engine through a reduction gear. Thie arrangement 


is shown in Figure 1 below. 
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A grect deol of trouble ms encountered in obtaining the desired 
peripheral velocity on the flywheel due to frictionsl type 
pulleye on the reduction gear. The perighers! velocity of the — 
flyshoo! sieuleted the ground speed of on sireraft while lending. 

A plotform mounted upon « pivot era was used for 
varying simuleted aireraft weights and ite free falling velseity. 
wos used to simulate cirereft sinking velocities. an edjustable 4 
Linking are bung frou the plotfora and inte this fitted a Linkage 
box through which the lending geer strat ene suspended. This 
Linkege box could be reteted in the plane of simulated lending 
direction for the purpose ef varying the angle of inclination 
of the lending gear strute These parte ere shown eesembled 
with strut and wheel in Figures 2 and 3 on the following pages. 

The strut used in theze tests is the stemdord landing 
geer strut used on Bewy type S87 aireresft. A standard 27 inch 
airereft wheel end tire were mounted on the strat. The strut 
was serviced ami inflated aa directed in S87 mu intenance 
senusl. The strat ws auspended free the Llinkege box by meena 
of « atenderd QJ strat suspension bracket. 

Strain geuges of the Cel type were agunted at opposite 
pointe on the front and reer of the loading gear fork to obtein 
drag forces. The seme type strain gouges were agunted at 
epoesite pointe on the inside and outside of the lumiing gear 


fork to measure the axial forces in tae strut. 
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FIGURE 2 
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Tire deflections vere obtained by mounting C-1 type 
strein guages on a centilever beam. The end of the cantilever 
benm was displaced by the verticn] motion of the bottem of the 
axle, and since the displnceneat of the axle was due to the 
sive deflection 2 stating of tire deflection could be obtained 
from the aantilever deflection. Oleo deflections were wearured 
by the use of «5 potentiometer which was rotated by a scissors 
attechnent between the stationary and sovedle part of the oleo. 
Mountings of the above instruments are shown in Figure 4 on 
the following page. endings from the abeve inetruments were 
recorded by the use of strain analysers to which Brush 
eecilleseopes wore attached for recording purposes. 

the weighing system was comosed of a Beam with two 
knife edges, one of which rested on «a fixed upright while the 
other reeted on an upright whieh in tars wae supverted by 
ordinary platform senles. The tire, bearing the simulated 
aireraft weight, wae saprerted on « third knife edge at a 
point near the middle of the beam. This lever ayeten ie shown 


in Figure 3 also. 
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The linkage box and pivot arsz platform were es librated 
fdlidaee weed enatie inclinetion and pointe of sumpension 
from pivot arm platform. These galibration pointe vere taken 
#0 that at ench test angle of the strut tested the aircraft 
wheel would rest on top of the large flywheel. These cnli- 
bretions were wade with the oleo fully comressed. 

Prior to each day's tet work it wae necessary to 
balance the strain anslyzere used in recording the strains 
and deflections of the strain gqnuges and potentiometer. After 
balancing the strain analyzers the displacement curves of the 
brash oscilloscopes were calibrated. 

The dlaplecement due te axial force in the landing 
goar fork wae calibrated firet. This was accomlished by 
turning the strat to a vertics! position. allowing the weight 
of the structure to reeset on tire, obtaining this weicht from 
the welghing system and noting the deflection of the brash 
oscilloscope. It wos possible to mike this type calibration 
due to the fact that the center line of the aireraft wheel wae 
displaced a small asount from the center line of the landing 
gear fork. This small amount of eccentricity produced a given 
bending moment for each different vertical force acting on 
the aireraft wheel. Thie vertical force acting on the 


aireraft wheel wae the axial force in the lending coar fork. 
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‘Phe potentiometer for measuring cleo displocemsnts 
ves calibrated at the same tiae, Thies calibration was 
accomplished by plotting oleo displacement in inches vereus 
Brush oscilloscope displacement in millimeters. 

Che cantilever whentin gauges were enlidrated by ERE 0 
noting the deflection of the Brash oseilloscepe in aillineters 
due to a meneured tire defleetion in inches. 

The drag force strain guages were enlibrated by 
applying a drag foree of known magnitutie to the strut ond 
noting the deflection of the Brath oscilloscepe in millimeters. 

Viywheel revelations were asasured by the use of 2 
strobeoscore. The peripheral velocity was cosputed in fret per 
second and ased as simulated landing velocity. Sinking 
velocities were attnined by dropping the lending gear and 
pivot ara from « vertices height. ‘There heights were caleu- 
lated for the velocities which would be attained by a freely 
falling bedy. Dropping wes ande poseible by « quick release 
mechaniesa attached to the pivot «arm. 

Having cosmleted these calculations the strat was 
set at the angle desired for testing. Teste ware begun by 
bringing the flywheel up to the speed required to simulate 
the desired lending epeed. The aircraft wheal was raised by 
the pivot are to the height required to attain the sinking 


velocity desired at the time of contact between tire and 
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revolving flywheel. ‘The Brush os¢illoscopes were tarned on 
and the lending gear dropped on the turning flywheel. The 
Brash oscilloscopes printed a record of drag force, axial 
force, tire deflection aad oleo deflection versus tine. 
Another test at the enme strut angle could be ran ae soon sf 
the pivot ara and alreraft wheel were raised to the height required — 
to attain desired sinking velocity. The elapsed tine between 
such teete waa approximetely two minutes. | 
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The results of these tests are shown in Figures GA 
through 508. Figure GA is a plot of the spring cheracteristic 
of the tire used on the strut during testing, while Figure &% 
is = plot of the spring characteristic exhibited by the oleo 
when under ttatic londs. 

Figure 6 is o calibration curve for the purpose 
of converting the date frow the potestioneter, as recorded 
by the Brush recorder, inte cleo deflection in inches. 

| Test data as recorded by Brush oscilloscopes is 
shown in Figures 7 through 29. In these figures, the hori- 
zontal axis represents time, ench five oillineters representing 
four one-bandredthe of e second. The top curve in each figare 
represents the drag force perpendicular to the strat and is 
marked drag. The second curve in each figure represents the 
axial force acting on the strut. the third curve in each figure 
represents the tire deflection and ie labeled cantilever, to 
correspond with the msethed used we nanan the tire deflections. 
These curvoe may be read directly by using the celibration on 
each figure. Tha bottom curve in onch figure represents the 
compression of the oleo and is Labeled potentiometer. This 
carve mast be read by reference to Figure 6 The sum of the 


twe bettos curves gives the displacement of the men above the 
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cleo. aro tiae end displacement ere indicated by the inter~ 
section of the heavy derk Line with the curves , 

Teste with the strut in « vertics! pesition end at 
ten degress inclinetion show the dreg and axial forces and the 
tire displecesents to be approximately straight Lise variation 
for a short tine. | 

The presence of friction in the moving part of the oleo 
ide eclwerly Indicated in all figures. This friction is indicated 
by the change in slepe of the potentiometer curve which indicetes 
& blower rote of dizvolacezent of the olec when the curve flatiense 
out. By comparing the curves indicating drag forces with the 
potentioaster curves indiesting olee compression, it cen be 
‘geen that the mexiaus drag forces correspond sith « decrense 
in rate of diaplacenent of the cleo. This indicates thet the 
friction is due to the bending soment forces caused by the 
drag lowds. An engle of inclinction of ten degrees shows Leos 
pronounced frictional effects on the operation of the cleo than 
do ether angles of suspension. 

Figures 7 through 14 indieste quite clearly thet dreg 
forces, axial forces, snd tire deflections incresze with en 
increase in sinking velocity. 

All of the curves indicate that the drog forces, axini 


forces and tire deflections demp out quite repidly. The 
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potentionsior curve tmilcote: taet olee does sot Reve 5 
vibration period of ite own, bat vibrates as 4 meos with the 
a | | 

3 Figure 304 shows a glot of drag forces versus angle 
of ieciinetion ef the wirat. Curve & ie the wishin apim 
ap dreg forces éncountured with « sicking veloeltyoof two 
feet per cétond; Curve B-retresents these drag forces wen 
the sinking velocity is five fect per sscond, Drag forces 
for sinking velocities of three and four. feet per second 
will fell between carves A ond B. Carve C represents the 
seximan soap back drag ferces encountered with o sinking 
velocity of two feet por second; curve 0 represents these drag 
forces for « winking vwelecity of five fect per second. The 
snap beck drag forces for sinking welecities of thres end four 
feet per second will fall between curves C and DB. The point 
of intersection of the asia ap and amap back curves for the 
aamé Sinking velocities iniieetes thet these twe forces are 
equel. This indleates the optinun angle of suspension te 
produces equsi bending souents in the strut woen the wheal spine 
ap oak Gin anaps beck, The email nusber of test points 
avelleble for plotting these curves imiicete this optiaua 
angle to be asorouiastely ten degrees. 

Figure 308 is a plet of axuial force werwes ongle 


ef inclination. The sinimws soints on these curves indleate 


| tin P88 BOR ek ondn Bade ombpt beh armen “ 


ot Atay oom -s eepoeakie tos ye ath Me saun  mttonb a 


ed erp iet dpe, Som? a ea 2 Getton ant dies ays Dat om 
ain. Sipoe ameaet O28 ny Ye tede.n ee AE ere 

het ales. SRR HE a Beem stacy: mentapeionie 

4 oe to. Ghesies palmate s set ay si hata leaned tematiad 

vale “mao seen path enact . 

Saiclenne pastes eten ctr woatonaianenianth ie es. 

| Chit among GC orus 6H See A eewEe goosdod List ftv 

: ne  Qabinke 2 Gtte prtatewoane neve, rib toed Gace mutton 

pene edt sdemuaiges:S vine Thacaee toy $602 oes Yo ys looser 

| 8 gbswooes aq toe wert We Wheeler ytiaic $ tot Leewet 

so RGh TO are Sk aie ecianies aust Yo teisoeetetal ‘te 

We 209%? ond. Gundt dant cotasthdt webtisotee yaltaia ones 

4 8 aeleswcans Yo alga. aunltqe- ads wataviinad oidt  .Loype 

aueieeo ai5t shasian. certvue saad? paltseic wit eldallava 

suaorgoh aud yLotanteon-ss ad of elgns 

Ohpin etre e907 fates Ye dolq 2 el G8 eurgitT 

otenitat sores scedt mo etuict sumiate eel .moltontiont to 


~15. 


the optinum angle of inclination for sinimum axial force to 
be approximately twenty-four degrees. 

| the bending wonents due to the drag foreen produce 
quite high atreases in the strut; these streeses are decronsed 
very little by the axial forces since they are smil; hence, 
the optimum angle for producing miniwun drag forces is the 
ispertant angle to consider in design. 

These tests are not conclusive as to optima angle 
for cupenties a landing gear etrut. Other tests should be 
condueted in which the landing velocity and gross weight of 
the S87 type alreraft are sore ncarly simlated. Tests should 

also be carried out with the strut suspended at a greater 
| nusber of angles. 
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LANDING VELOCITY 52.5 F.P.S. 
PAPER SPEED 125 mm./sec. 


DROPPING VELOCITY 2 


TIRE PRESSURE 24# 


7/9/49 
STRUT ANGLE O09 
WEIGHT 1060# 
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DATE: 7/9/49 | TIRE PRESSURE 24# 

STRUT ANGLE 0° ; LANDING VELOCITY 52.5 F.P.S. 

WEIGHT 10604 DROPPING VELOCITY 3 F.P.S. 
PAPER SPEED 125 mm./sec. 
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CALIBRATION: 

DRAG - 2 128# 
AXTAL - 2.5 mi. = 462# 
CANTILEVER - 1 mm, e325 in. 
POTENTIOMETER -— REFER CURVE "A" FIG. 6 
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DATE: 7/9/49 TIRE PRESSURE 244 

STRUT ANGLE 0° LANDING VELOCITY 52.5 F.P.S. 

WEIGHT 1060# DROPPING VELOCITY 4 F.P.S. 
PAPER SPEED 125 mm./sec. 


‘ ’ 5 we: ds ' =c hi) WG se oy ¥ 
y P f ‘ ; aay, ; Pe , ; : - i 

ve ie PO 40 ae ; : tf a mn ob hy ‘ garite 
vi ‘ i ee hed Py. 


TARE ORI SS, 


week nies Topi rea) YS sat Sy ges 


4] » Yerba 
} ue 
a. thus | : pat lig i, 
* REO i nih 4p, ps ars y\) ie i i ‘ Ani 
- M _! B “in F cmd 
ij A }. ys . > ‘ - 
5 go Sd Fs be ov) a | ha it hag PY 
f ' ' a } > J ‘ 
ee. san 4] 
s , ve aia Te po | Sr bal rs 
7”) 1 Mc i ‘ r 7 
q] eu 1c4 La et j 4, 
af 
Ny Cale | 
i yi 


ry 6) ; a aoe 


3 c a, “pie onan | fig Ra oe ar The a 


i? i yr YOLan A ie mar oe cu 
A Lily 2) ye a Ley a ars mM 4 ; ‘ ‘ - ‘ A if r Py. : ae f 4 
OE OE eee cia ene a 


4 
- J ’ 0 oF aN tei ALA) iy fat | " : jet; Aig h 
f y Ll ) % iY 4 
4 ~ a os wa c = _ 
at ‘¥ Vey "i ayy, rage SPA ial / j is “Y 
Phin? é "y TEL CI Se a, Er Ua RE OR ey < hin he ay ‘ 
: a 7 Aa | + f a d He / : . D 4 
j le ed ee ately 4 : 4 
Me Hh ay te ; ; = wr f ha 
Te \ ait i 2 9 ? 7 
“ Pl é 4 { Ven f Tah; j = : i ’ i? Lb ae :. 
— ? Fi be wo; Laan i. ns ’ 1" Prey ay 
Aa Ne i nia 94 , A ; hens Pah 


4 ‘ ere ak f a . ih. er Peart yt 
sr is ial Mia Solis pink ele ky, 1 Dine te ax: he ey eee | Tae th 
Oe) | Le LT, GA iead At eke eds ote eG 4 mya" ay! 


NG) Oogie eA-  me H Teh Dh ry | ee ete ee ad ae Se vaste’ ‘ 1 


- ‘de © ty Sere g 0 


= r xt Pan 
é " j “ id aaNet A 
" i hy L , chase y a ; : 
- iy oe . Sy 7 : = 
ae 8 a ee yy irae RPG pcearah ab ret 
t sath Be Na FR eG om Re beige Shei hy, (dps eb ces 1% 
i). Nee fea) 2c ke . , ) 

' T) Aw Ce * 
veo = or Re ee ee 2 es ae rs 
i Le 4 a) ays : 8 J 7 ry ni | 
vw i : 


Sibi ecbalindns As eaten =o ae = 


" j 
J ma A ae la 4 ‘ ‘ J 10 cement i a 
ay Aint tare ‘ ey ane a eno et ie he ee tre, i ait ey GTR ape 
ih Sipe “= ¥ » : # 


(iat: ‘ r ee bg, ‘! —u | i : j ” e 
A Spee eis a toate s ban f Lan ir 
7 ; 
, | ® ait 


| us oy oe Dida oY 
Bie £02 PMY OMe ets ae 

S80 SONS OE A os ae 
ie shat an ae AT a ie ee ae i a ui ; ‘aah 


ae eee + 


. ‘ ’ ‘ =~ \ ‘ \ ' Fe 


menos ae = cee a gee te a na ted one 


2 NO. BL 909 THE cer ISH “DEVELOPM:. NT 
. ; Ta te 2a Soe a ee \ far a — a Se ha ae ea — tee ae 


: | / i ¢ - / ' 
; i f { ' t i ; ? ed j 
we et i fs rrp ee ee ee tees se cen ~ — ne Sala = lid Ore nice « iif iste fuskie 
’ j ; | | 


j aihtet 
} ri 
ie Bead 1 oi 8 Se ee ee eet eens eee rentag 
; / ’ i { ‘ + ' 
{ A ‘ ‘ ‘ 4 4 
' Sel Re hes fa) 8 hate a ee RL = he te > ene ies Reem ln 6) (isos bs o> 

zy i Ila sea tei ; 4 

j § H | ‘ : + 

‘ , 
atl MO OS! eM MESSY ant Sa RP poe) 


‘ con | - 4 
—_ : as —-— —_— - — 4 we 
‘ t 1 1 \ 1 : + 
‘ - ‘ 4 : 

iy ‘ ¢ \ ; 

\ \ \ : \ \ 
Se he a a 


CALIBRATION: 

DRAG -2 mn.= 128% 

AXTAL - 2.5 mn.® 462# 

CANTILEVER ~ 1 mm. .325 in.- 
POTIONS = - REFER = aa" sas 6 
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DATE: 7/9/49 TIRE PRESSURE 24# 

STRUT ANGLE 0° LANDING VELOCITY 52.5 F.P.S. 

WEIGHT 1060# DROPPING VELOCITY 5 F.P.S. 
PAPER SPEED 125 mm./sec. 
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CALIBRATION: 
DRAG - 2 om. = 2207 
AXTAL - 5 mm. = 930# 
CANTILEVER - 1 mm. = .375 in. 
POTENTIOMETER - REFER CURVE "B" FIG. 6 
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DATE: 7/10/49 TIRE PRESSURE 24# 

STRUT ANGLE 10° LANDING VELOCITY 55 F.P.S. 
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Dropping Velocity — 5 FPS. 


Landing Velocity -— 58 FPS. 


Tire Pressure = 24/ 


Strut Angle — 21,° 
Weight — 1060# 
Brush Speed 125 mm/sec. 
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DATE: 7/10/49 TIRE PRESSURE 244 

STRUT ANGLE 26° LANDING VELOCITY 60 F.P.S. 

WEIGHT 1LO60# DROPPING VELOCITY 2 F.P.S. 
PAPER SPEED 125 mm./sec. 
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DATE: 7/10/49 TIRE PRESSURE 24# 

STRUT ANGLE 26° LANDING VELOCITY 60 F.P.S. 

WEIGHT 10604 DROPPING VELOCITY 4 F.P.S 
PAPER SPEED 125 mm./sec. 
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DATE: 7/10/49 TIRE PRESSURE 244 

STRUT ANGLE 26° LANDING VELOCITY 60 F.P.S. 

WEIGHT 1060/ DROPPING VELOCITY 5 F.P.S. 
PAPER SPEED 125 mm./sec. 
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CANTILEVER - 1 ma. =-.375 in. 
POTENTIOMETER ~ REFER CURVE "B" FIG. 6 : 
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DATE: 7/10/49 TIRE PRESSURE 24# 

STRUT ANGLE 28° LANDING VELOCITY 59.2 F.P.S. 

WEIGHT 1060# DROPPING VELOCITY 3. F.P.S. 
PAPER SPEED 125 mm./sec. 
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TIRE PRESSURE 244 

LANDING VELOCITY 59.2 F.P.S. 
DROPPING VELOCITY 4 F.P.S. 
PAPER SPEED 125 mm./sec. 
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DATE: 7/10/49 TIRE PRESSURE 24# 

STRUT ANGLE 30° LANDING VELOCITY 57.5 F.P.S. 

WEIGHT 1O060# DROPPING VELOCITY 2 F.P.S. 
PAPER SPEED 125 mm./sec. 
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4u analyticnl study of the dynamic forees in landing 
gear of atverts is developed in the Appendix. 4 cosperison 
will be made between the resulte obtained by test and the 
resulte obtained by the analytical approsch. 

In the exmmmle problem developed in the Apoendix for 
an angle of twenty-four decrees and « sinking velocity of 
three feet per second the digplecement equation for wheel, or 
Me ist . 
tp = .001i37e"SO1E 4 oor casen158-679t 

# 978-155 1568 win 16.225¢ = 11156 cos 16.2358) 

The following displacesents are obtained: 
att = .07 second 

t. = .4472 iach 
att * .07 seeond 

*, 3 2.41 inches 
¥rom test data of Pigure 16, the following diepleacenente 
are ebteingds 

at t & .02 second 

to * -75 inch 
at t 3 .07 second 
ae * 2.25 Inches 
The ateve values have been evaluated as true tire 


deflection. The test date shows ecreater tire deflections 
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shortly after iupeet than is obtained by annlytieal methods. 
while after n longer period of time the analytical method gives 
erenter tire deflection than is indicated by the test dnta. 
This indicates that the spring characteristic of the tive te 
not # constant as used in the analytical method, but varices 


with éieplecement. 


The theoretical equation for the displacement of 


et fet 


%, = =~. 393407 5°91% -c0o1sase"159-879% 
# 078-1556; o2296 sin 16.235t - .1584 eos 16.235¢) 
fhe folloving dieplasensate are abtatneds 
at t = .02 second 
24° «762 inch 
att = .07 second 
%, = 3.41 inches 
for the sage time perieds the test data produces the | 
displacements Below: 
at t = .02 second 
% = 1.05 inehes 
att = .07 second 
% = 3.95 inches 
The test data shove greater disvincements for m 
than are calculated ansiytienliy. Thia indicates that the 
spring constant used in the analytical caleuletion is very 
smil on initial cospression and that the damping is.» 


sowewhst Less than caleulated. Here exact spring and 
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damming Constants would Saqaeve the correlation between 
test and analytics) resulte. 
| The axiaum drag force and time of maximum drag force 

for angle of © degree are caleulated in an example problem in 
the Appendix. The following results are obtained: 

t, «081 eeeona | 

Ps max * 7140 pounds 

Test dats from Figare 7 produce the following rewalts: 

sy = .08 second 

?. Max = 15590 soands 

The time at which the mxieue drag force oecurs is the 
same for analytieal and test resulte. The calculated ma ximam 
drag foree is mech larger than the maxima drag force obtained 
from test reeulta. fThie larce variation between theoretical 
and test resulta my be due to the fact that the coefficient 
of friction ves assumed to be constant and P wae aenumed fm - 
constant. The assumption that the esefficieat of friction is 
& constant is erroncous and further investigation should be 
conducted to determine ite value. 

The optimus ancle of sussension, as ealealated in 
the Appendix, ia 28° 31’, wheress test results indicate the 
optimus angle of suspension to be annreximetely ten dezrees. 
This necessitates « revision in the anslyticel method of 


calenlatiag the optisum eacle of suspension. The anslyticnl 
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results were also computed from test date, which requires 
further varifiention. The preceding improvement in analytical 
evaluation accomanied with more test dnte to definitely 
establish the optigam angle will no doubt produce better agree- 
nent between theoretical and test resalte. 
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1. To groduce equal bending soaents during «pin 
sap win anaes: Croc 0 Sel eng: Wn eaiiad Sin hie tie 
pending an S87 type alrersft strut ie apvroxiastely ten 
degrees. 

2. Winimun exiel forces are produced by suspending 
the strut at an angle of epproximately twenty-four degrees. 

3e Friectionsi forces impair the cperation of the 
oleo end werrent further inwestigetion. 

4. The coefficient of friction ef slreraft tires 
Guving tenting tngeah tend be Senneitgete’d dene tances 

5. The Lond deflection characteristics of e 
roteting eireraft tire should be investigated wore thoroughly. 
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QHSORY OF DYNAKIG YOROXS La 
LANDIMG GEAR OY AIRCRAFT? 
4. The Spring Maes System for ianding Gear 
Yor the investigation of the properties of a landing 
as shown in Figure 31A, it my be considered as a simplified 
eyeten of tue meade end tus ageing Sgpwtent as thee to 
Figre 315. Hass m represents belf of the mea above the 
landing gear, including the nirplane and those parte of the 
shook strat rigidly attached to it. Hass = includes the 
wheel with tire and the parts of the gear attached to then; 
May is emall comared te my. The shock strut or olee will 
have both damping. asd spring characteristics. the tire 
will sleo exhibit « epring characteristic. 
Thais eten drops to the ground with s sinking 
velocity of V,. Saglesting lateral forces and tending 


moments acting on the strat, the vertical forces and motions 


con be found ansiytically. Considering uo Lift acting on 


the airplane these differential equations of motion are? 
mt eee - a) dol - a eO 
M, #, #h, «, ~ Wyle, ~ ay) ~ fh, - 8) #0 
By letting 
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FIGURE 31B 
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the following equation is formed: 
at das’ foe? fon faeo 


The solation of thie eqastion results in four paden: 
These roote my be either renal or comlex. If all roots ate 
real, critical deming has been reached and subsidence 
motion occurs. Complex roote indicate damped wibratory 
motion. The equations of motion becomes 
a = A0%Lt 4 Byt2t 4 cea 4 ne®4! 
2,2 ate®t* 4 gigfat 4 cletat 4 pi,%a® 
where as 4] yh 
- 1 
gs Ye 
w= 1 4a 
By ieeosing four boundary conditions on the abovrs 
equations of aetion, the four unkatw constants my be found. 
At tine of impect or t = 0 
—"s . which are etatic deflections 
er ey 9 
t, - 2, >, _ (Sinking velocity of ‘ees 
Tans the ahs beeome 
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«Siw 
Vag * Any + Bez + Cag + Dey 
Vag = [Aer + Yalan +73605 + 7 4doy 
The vertical force due to the vartical action then 
Pat = Rglag +49) 
Pat = kg 4g + Ba(]\se8lt + 7 abet2t 
+77 seoes® + 7 zdeXs®) 

As om exwaple groblea, consider the case of the strut 
under test ot en angle of 24° and « sinking velocity of 3 fest 
ger second. 

@, * 29-16 be-seee” 

=° +" ee qe 


The damping constant is found by waking use of the 
test data, The slope of the potentiometer curve at tine t 
is used to find the relative velocity between = and ao. This 
ie the velocity «ot whieh an integrated part of the strat is 
aoving through « viscous gedium. The motion through the 
visceus wediua produces damping. The exinl force in the 
otrai at time t+ les. the spring force due % comprescion of 
the oleo ig the foree due te damping. Then the dawping conatent 
em F = 653 Ibasee, 
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k, 7 11.250 1b/te - (teference Figare 5A) 
& © 1,695 ib/ft (Reference Figure 5B) 
Fs 
@, = 6 cos 20° 
Wingy 


ke, = & cos 24° 
= 1,538 1b/tt 
k, = 11,250 re/ft . 
The static deflections from equilibrius position at 
t = 0 are: 
=A, = S512 ft. 
t = A. = 094 ft. 
zy ZV. s & ft/eee. 
z, = ¥, © 3 ft/sec. 
The equations of sxotion aret 
29.16 % ¢ 1636(2, - 2p) ¢ 596(%, - dy) 29 
3.76", ¢ 11.2502, ~ 1536(2, ~ 2,) - 595(%, + 2) > 0 
By letting 


the following egastion ie formed 
o* 4 v7ae" 4 sate” 4 61,0008 4 187,900 = 0 
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The roots of this equation aret 

% = =30O1 

&, > ~158.679 

8, = 8.155 # 16.2364 

3 3.165 ~ 16.2384 

The equetion of motion becomes 

= Ag7raeMt 4 Ben) 8-879t d @7 3+ 1S5t, 5915-23516 
r get. 23516) 

2 2 glgnSOlt 1 yl-168.6798 1 9789 155t, 9118. 235%8 
£ nigris-275it) 

& 3 .3634 

B S «0001583 

& 3 ~.07922 « .O710S1 
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at = .oon0ss 
o* = ..08182 ~ .068408 
p* = ~.osia2 4.068404 
2, 2 =.s5ade""*°!* _ coon sase"155~6798 
£ o78+295%) 4206 sin 16.23St ~ .1584 cos 16.235) 
z, = -o0rrs7eW-O18 4 .oor9age 166-6798 
+ 75-1558; 1568 ein 16.235t ~ .1136 cos 15.225t) 
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B. The Orag Forces for the %pin-Up of the vheele 

Ae an aircraft wheel teaches the ground, = horirontal 
drag force appears. This drag force aecelerates the wheel 
rotation up toe lending speed. The ratio between the horisentel 
dmg fevee ond the vortien) tive leed te expresced by 
ASP, . There are several Kinds of contact between the tire 

Pe 

aad landing surface daring the acesieration of the wheel. This 
contact varies from complete sliding at time of ime«ct to pure 
adhesion at the tine the wheel has accelerated to the landing 
velocity. in this snalysie «will be treated ss « constant. 

Aseuming a ¢onstant radius an for the wheel since the 
chenge in radius i¢ small during the acceleration reriod, the 


acceleration equation betoner 


rr + dee 


at 


or 
MP ats sie 
Daring the oeried of acceleration ? + ie ateumed to 
be a linear function such thet 
Pat = at 
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